Using the Multi-Element Radio-Linked Interferometer Network (MERLIN), we have acquired a high spatial resolution spectral image of the OH megamaser (OHMM) in the nearby starburst 'galaxy' known as IIZw 096. We have also acquired optical B, V, R, I and Hα images with the 1.5-m telescope in San Pedro Mártir. By comparing the MERLIN observations with Hubble archive images, we are able to pinpoint the location of the OH maser emission in this object; the OHMM emission seems to be associated with a faint and reddish, compact-round structure (a few hundred parsecs) off-centre of a merging system of galaxies. From the colour and strong Hα emission, this object is consistent with the remains of the nucleus of a very perturbed galaxy in interaction. Assuming a Keplerian bounded system the mass necessary to produce a velocity range of ≈200 km s −1 for the OHMM is of the order of 10 9 M , which is consistent with a massive black hole. Consequently, although the OHMM was previously suspected to be of starburst origin, our analysis suggests that an active galactic nucleus (AGN) could also be present in this merging system making it a composite source. IIZw 096 is a nearby example which shows how high spatial resolution data of the OHMM emission region, and supporting optical data, can be extremely helpful in determining the nature (starburst, AGN or composite) of such phenomenon.
I N T RO D U C T I O N
Compared to Galactic OH masers, OH megamasers (OHMMs) are, on average, a million times more luminous. All the OHMMs known so far were discovered in luminous infrared galaxies (LIRGs) or ultraluminous infrared galaxies (ULIRGs, with L IR ≥ 10 11 L ) Baan (1989) . Based on the OHMM model (see e.g. Baan 1991; Lockett & Elitzur 2008) , the physical conditions required to produce maser emission are as follows: (1) high molecular cloud density, (2) a pumping source to invert the population of the OH ground state, and finally, (3) a source of continuum emission to stimulate the maser emission. Such conditions would be amplified in (U)LIRGs which are mostly dust rich, starbursting and merging galaxy systems (Sanders et al. 1988; Coziol 1996; Veilleux, Kim & Sanders 2002) . Due to the infrared (IR) pumping of the OH emission there is a clear correlation between the OH and the IR luminosity, but intensive surveys for OHMMs in large samples of (U)LIRGs have revealed very few detections, which seems to go somewhat contrary to the E-mail: vmigenes@byu.edu expectations (Baan, Wood & Haschick 1992; Staveley-Smith et al. 1992) . As much as 80 per cent of the LIRGs are not recognized as OHMM (Klöckner 2004; Lo 2005) . This and the evidence that only a few new OHMM sources have been detected with an increased sensitivity of the Arecibo Radio Telescope of a factor of 5 (Darling & Giovanelli 2002) , or of interferometric arrays, imply that there are other unknown physical parameters that could explain the low detection rate of OHMMs in (U)LIRGs.
Generally, there is observational evidence that local (U)LIRGs are the product of gas-rich merger of two massive galaxies (Sanders & Mirabel 1996) . Simulation of such gas-rich mergers suggests that starburst activity, quasar activity and the growth of supermassive black holes could be steps within an evolutionary sequence (Hopkins et al. 2008) . Within the merging process gas can be channelled into the central kiloparsec region and would feed the nuclear starburst or the active galactic nucleus (AGN). Such finding is supported by the increased probability of finding an AGN at higher IR luminosity of (U)LIRG and could indicate a preferred nuclear environment/evolutionary stage for OHMM emission to occur (Baan, Wood & Haschick 1982; Veilleux et al. 1995; Kim, Veilleux & Sanders 1998 ).
However, observations in the optical, radio and IR show ambiguous results in the classification of OHMM nuclei. In the optical, the OHMMs show that a high fraction of (U)LIRGs are classified as active galactic nuclei (AGNs; Baan, Salzer & LeWinter 1998; Darling & Giovanelli 2006) , whereas the radio and the IR emission indicate that a high fraction of (U)LIRGs can be classified as starburst (Baan & Klöckner 2006; Willett et al. 2011a,b) . Using observations with angular resolution at subkiloparsec scales, which is currently only possible for a few OHMM galaxies (Greenhill 2002; Lonsdale 2002; Darling 2008; Greenhill 2008 , and references therein), we show that only two of the OHMMs could be associated with an AGN-type nucleus (e.g. Pihlström et al. 2005; Klöckner, Baan & Garrett 2003) .
In this paper, we are using Multi-Element Radio-Linked Interferometer Network (MERLIN) observations of the OHMM in the ULIRG starbursting system known as IIZw 096 (IRAS 20550+1656) to pinpoint the location of the maser emission. Optically it shows the complex morphology of a merging system with IR luminosity of log(L IR /L ) = 11.94. The main advantage of IIZw 096 is its relatively low distance of 153 Mpc (z = 0.036) compared to most (U)LIRGs, which makes it an ideal object for our study. Combining the high spatial resolution spectral image with archive Hubble images enable us to identify the location of the source of the maser emission with very high precision. Colour (B, V, R, I) images combined with new Hα images allow us to better constrain the physical conditions around the region where the OHMM is produced. Based on these observations, the different hypothesis for the nature of the OHMM in this system are discussed. Throughout this paper, a cold dark matter ( CDM) cosmology is assumed with the following parameters: h = H 0 /( 100 km s
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The MERLIN data were obtained from the archive. The observations were done on 2005 June 8. All the telescopes were available at the time of the observations, including the 76-m Lovell telescope. The observations were done in phase-referencing mode using J2051+1743 as the phase calibrator for a period of 8 h. To cover the complete velocity range (∼1000 km s −1 ) a bandwidth of 8 MHz, centred at 1608.07 MHz in order to detect both the 1665-and 1667-MHz transitions, for both the left-and right-hand polarizations, was used. The band was divided into 64 channels for a spectral resolution of 125 KHz.
The reduction was performed in the standard form for MERLIN data using AIPS. Because the weak maser features have a low signalto-noise ratio (S/N) no self-calibration was performed. The data were imaged using robust weighting, with a beam size of 0.2 × 0.1 arcsec (where 1 arcsec corresponds to 0.716 kpc). The rms of the maps was 0.90 mJy beam −1 . No continuum emission was detected. The BVRI and Hα images were obtained during an observing run of two nights in 2004 July on the 1.5-m telescope from the National Observatory of México, which is located in the Sierra San Pedro Mártir (SPM) in Baja California. The detector used was a SITe1 CCD with 1024 × 1024 pixel. The plate scale of the telescope (with focal ratio f /13.5) and camera setting is 9.8 arcsec mm −1 , which, considering a pixel size of 24 µm, corresponds to a spatial scale of 0.26 arcsec pixel −1 and yields a field of view of 4.4 × 4.4 arcmin. Standard BVRI Johnson filters were used. Three images in each filter were obtained with exposure times of 900 s for B, 600 s for V and 200 s for R and I. Two narrow-band images were also obtained using the filters λ6819 Å for the Hα line and λ6690 Å for the underlying continuum located to the blue of the line. For each filter, three images of 900 s were obtained. Standard image reduction processes were applied using IRAF. After bias subtraction, normalized sky flat-fields for each filter were subtracted. The individual images were then corrected for cosmic rays and bad pixels and combined using the option average in IM-COMBINE. For the BVRI images the contribution from the sky was determined by measuring the mean level count in several regions around the target, which was subtracted from the images. The final Hα image was obtained by subtracting the corresponding continuum image.
During the run, 24 photometric standard stars from the list of Landolt & Uomoto (1992) and six spectroscopic standard stars from the list of Oke (1990) were observed to correct for the telescope and CCD response and calibrate the flux of the data. All observations were done under photometric conditions.
The BVRI calibration equations were calculated by fitting linear regressions on the observations. Airmass correction was applied using the extinction coefficients appropriate for San Pedro Mártir (Schuster & Parrao 2001) . After transforming the instrumental magnitudes to the standard system, and adopting the best-fitting coefficients, the formal errors are: 0.08, 0.09, 0.03 and 0.06 in B, V, R and I, respectively. The equations for calibrating the surface brightness and colour profiles of different zones in IIZw 096 were obtained by taking into account the galactic extinction towards this part of the sky.
Flux calibration in Hα was done by fitting a linear curve on the data by observing three standard stars: BD +25D4655, BD +28D4211 and GD 248. For each band, the integrated flux was estimated by multiplying the flux density in the calibrated spectra at the centre of the band by the bandwidth. The 95 per cent confidence interval on the slope suggests an uncertainty of the order of 6 per cent on the fluxes reported in Table 1 .
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Properties of the OH megamaser emission
In Fig. 1 we show the spatial extent of the OHMM emission in IIZw 096. This figure was obtained by averaging the channels with the strongest line signal. The rms of this image is 0.90 mJy and shows an elongated structure with a peak intensity of 24.9 mJy beam −1 . The slightly resolved structure has a position angle of 37
• , a major axis of 0.2163 ± 0.0121 arcsec and a minor axis of 0.1256 ± 0.0070 arcsec (155 × 90 pc). The maximum peak position of the OHMM emission is centred at RA = 20 h 57 m 24. s 376 ± 0. s 0003 and Dec. = +17 d 07 39. 1798 ± 0. 0045 (J2000). Fig. 2 shows the emission-line spectra centred at 10 860 km s −1 systemic velocity. The non-zero baseline suggests the presence of continuum emission of about 2 mJy. But due to the poor S/N, we were not able to subtract and map this component. The line emission does not resemble a Gaussian shape; instead it shows a narrower linewidth above 15 mJy, and below that threshold the line looks broader and asymmetric towards lower velocities. The leftcircularly polarized (LCP) and right-circularly polarized (RCP) spectra are very similar (the Stokes I map is shown) and have a channel resolution of 24.1 km s −1 . The full width at half-maximum (FWHM) of the OH line is 192.8 km s −1 (based on eight channels with emission above 3σ ) and has a peak flux of 26.4 mJy (based on a Gaussian fit). The total OH line emission has an integrated flux density of 20.58 ± 0.45 mJy (averaging over 10 932-10 739 km s −1 ). Compared to single-dish measurements, the MERLIN observations recover 50 per cent of the 40 mJy reported in Baan, Haschick & Henkel (1989) . Furthermore, the MERLIN observations show a similar asymmetric line shape and therefore the line emission can be associated with the OH main line at 1667 MHz. It is possible that the 1665 MHz line is also present in the spectrum, extending up to 11 300 km s −1 , but it is ≤3σ detection. Baan et al. (1989) has interpreted this asymmetry to be associated with molecular outflows, but the observed asymmetry, in our data, is just a marginal case due to the S/N of the observations. However, the asymmetry does show velocity differences of about 50 km s −1 , which could be caused by the radio continuum background (Klöckner 2004 ) and instead favours the interpretation of a Keplerian bounded molecular environment. There is very weak evidence for a velocity gradient of ∼1.5 milliarc km −1 s −1 , along the right ascension direction, but higher spatial resolution observations are needed to determine if this is real. Similar velocity gradients have been reported in other OHMM galaxies (e.g. Mrk 273; Klöckner 2004) and have been modelled by nuclear discs. Assuming a Keplerian bounded system the minimum mass necessary to produce such velocities in a region ∼300 pc in size, which is the standard for such model and consistent with our estimates based on the Hα and MERLIN images, would yield a lower limit for the enclosed mass of ∼3 × 10 9 M . This mass estimate agrees well with that of Inami et al. (2010) . Such a high mass concentrated in a region of a few hundred parsec scale would support the presence of an AGN.
Spatial location of the OHMM emission
In Fig. 3 , we show the superposition of the OHMM emission on a S814 negative image taken from the archive of the Hubble Space Telescope (HST), which has a plate scale of 0.05 arcsec pixel −1 . The coordinates of the OHMM source point to an insignificant part of the merging system. This image is interesting as it shows clearly that IIZw 096 is not one galaxy, but a more complicated merging, interacting system. We distinguish, at least, one extremely perturbed galaxy in possible interaction with what looks like a normal, unperturbed, late-type spiral galaxy in the background. In the foreground, the location of two plume-like structures, one to the north-east and the other to the north-west (which is seen in projection on the image of the background spiral), suggests an alternative scenario for this system: the most perturbed galaxy, with centre located at the position of the OHMM, was almost completely destroyed by the interaction with a similar size galaxy, the huge bright patch to the south-west of the OHMM location, and both are now beginning to interact with the normal spiral galaxy in the background (another possibility is that Component A is hiding the interaction with the background galaxy).
The location of the OHMM is surprising compared to the location of the OHMM emission in other (U)LIRG galaxies, where most of the OHMMs have been associated with the most luminous structure in the nuclear region. In the merging scenario, most of the molecular and dusty material would be funnelled into such a nuclear region and would feed a nuclear starburst. Such an environment has been As usual, the orientation is north to the top and east to the left. This image is revealing as it shows clearly that IIZw 096 is, in reality, a very complicated interacting system. thought to provide the conditions that OHMM emission can take place and would point to a specific time in the merging sequence. But the present observations locate the emission off-centre which suggests that the OHMM could be associated with the remains of the nucleus of the disrupted galaxy.
In 1997, Goldader et al. used near-IR imaging and spectroscopy to investigate the nature of the various components in IIZw 096 and concluded that the nucleus that harbours an AGN is in the bulb-like structure. Furthermore, the authors propose that IIZw 096 is an intermediate-stage merger that represents a short-lived phase (≈10 Myr) in the evolution of (U)LIRGs. In the following the various nuclear components are investigated in the optical.
D I S C U S S I O N
Physical characteristics of the OHMM region
In Fig. 4(a) , we show the colour image from SPM obtained by combining the B, V, R and I filters together. The region of the OHMM emission is the red spot at the centre of the image. The intensity level in the bottom image in Fig. 4 was adjusted to show only the high surface brightness regions. We distinguish four bright features. The brightest, A, is blue. The second bright region, B, is redder and consistent with the nucleus of the background spiral galaxy. With the exception of the structures associated with the north-west plume, between A and B, which is also bright and blue, the various blue spots in the B region look like star-forming regions in the disc of the spiral. The second structure that we interpreted as a plume, region D to the north-east, is also significantly bright and blue. The luminosity and colour of the two plume-like appendices suggest they are massive structures dominated by young stars.
The OHMM region, C, is also very bright, but contrary to all the other structures it is extremely red. This suggests a high level of extinction by dust, which is consistent with the LIRG classification and one of the conditions to produce the megamaser emission. However, this explanation seems somewhat in contradiction with the Hα image (Fig. 5) . This image is dominated by two intense emission regions: the symmetric region A and the highly non-symmetric region C. The background spiral galaxy shows no emission in its nucleus, but there are multiple regions of star formation associated with the spiral arms.
Also in this image, we observe small Hα emission regions that we identified as E1, E2 and E3; E1 corresponds to one of the plume Figure 5 . This SPM image shows the numerous Hα regions found in this object. Region A shows the most intense Hα emission while region C is where we find the OHMM, the second most intense emission region.
structures to the north-west. Curiously, the D region which is also quite blue shows no Hα emission. Possibly the stellar population is more evolved or there is more extinction.
In Table 1 , we give the flux in Hα as measured in the different regions identified in Fig. 5 . The luminosities were transformed into star formation rates following the method described in . Note that these estimates can be as much as 10 times higher if measured in the IR (Thronson & Telesco 1986 ). This happens to be the case as we compare our results with those of Inami et al. (2010) . The regions A and C are the most intense, with star formation rates of the order of 10 M yr −1 . Although we used the same radius for these two regions, the Hα image clearly shows that the emission in C is not as symmetric as in A and is possibly more compact by a factor of 10. Consequently, the density in emission is much higher in the region of the OHMM and unusually intense for a starburst region.
In Fig. 6 we show the surface brightness and colour variations with radius of the four brightest regions identified in Fig. 4 . The A region, where we find the most intense starburst, is also the most luminous and bluest of all regions. The fact that the four surface brightness curves are almost superposed suggests a homogeneous population of massive stars. There is a slight trend for the centre of the A region to be bluer than the periphery, which may be due to a population from a younger burst towards the centre. This interpretation is consistent with the decline of surface brightness in the blue and its rise in the red. Such particular distribution of stars in starburst galaxies was already observed before (see Coziol, Doyon & Demers 2001 ). The D region shows a similar behaviour as the A region. Here too the periphery has a tendency to be redder, although there is no gradient in blue. Small bumps in the surface brightness in R and I suggest extinction due to dust. The redder colours and absence of emission in Hα also suggest that region D is more evolved and buried in dust from the starburst region than A.
The C region, where the OHMM is located, shows a different behaviour. This region is redder in the centre than at its periphery. The absence of consistent variation in blue suggests that the redness is not an effect of dust extinction . Indeed, dust extinction would have increased the luminosity in red and reduced at the same time the luminosity in blue, which is not observed here. Such effect can be seen in the B region near the nucleus of the background spiral galaxy.
The similarity of the surface brightness and colour curves in the B and C regions suggests similar redder (older) stellar composition. This is consistent with the C region being nucleus-like in terms of stellar population. In absence of evidence for higher dust extinction in the B region, the fact that this region is redder than the C region would suggest a still older stellar population. However, this explanation seems at odds with the amount of Hα emission observed. On the other hand, the presence of an AGN could explain both the redder colours and the high Hα emission observed.
Note that because of the high intensity and spatial extension of the star formation in the A region, and the various enhanced star formation regions in the disc of the spiral, the AGN nature of IIZw 096 could be easily lost in standard diagnostic diagrams used to determine the origin of activity in galaxies (see fig. 5 in Baan et al. 1998) . The diagrams try to exploit the difference in ionization spectra found in AGNs and starburst nuclei (SBNs). Essentially, the size of the ionization zone and the relative strength of forbidden lines serve as effective tracers of the ionization mechanism and line emission regions seems that the region can be associated with either enhanced star formation or an embedded AGN.
In conclusion, both the A and D regions have colours consistent with starburst populations, which are possibly more evolved in the D region. The B and C regions, on the other hand, have colours similar to older stellar populations, consistent with what is observed in the nucleus of galaxies. However, to explain at the same time the redness of the C region and its high luminosity in Hα the presence of an AGN in this region seems like the least exotic interpretation.
S U M M A RY A N D C O N C L U S I O N
MERLIN radio observation and HST-and ground-based observations in the optical, with SPM, have been used to locate and to investigate the conditions of the OHMM region.
Overlaying the OHMM position on the high-resolution image obtained by the HST shows that the OHMM emission originates from an apparently insignificant spot in this galaxy. The Hα and BVRI colour analyses reveal the physical characteristics for the surrounding region. Region B which mostly covers the background galaxy seems to show standard star formation and it seems that the galaxy may not be taking part in the merging process or is in a very early stage of interaction or the interaction is being hidden by Component A. Regions A and C show the highest Hα emission, whereas the colours in A are consistent with a starburst population; in C the extremely red colours suggest an older stellar population or an AGN-type nucleus. It is also possible that region C is a stripped nucleus of the interacting galaxy. Based on the MERLIN observations and applying a standard Keplerian disc model a mass of about 3 × 10 9 M has been estimated, suggesting the presence of an AGN. It would be logical to compare this observation of IIZw 096 with that of other (U)LIRGs that do exhibit OHMM emission and have been studied extensively. But this is not a simple task. Sources like Arp 220, Mrk 231, Mrk 273, IIIZw 035 and IIZw 096 show certain similarities: (a) the optical scales for the SBN and/or AGN is ≤300 pc, (b) all are mergers with at least two nuclei, (c) an IR excess that could most easily be explained by the presence of a dust-embedded AGN, (d) apparently the SBN dominates the far-IR production, (e) the presence of poly-aromatic hydrocarbon (PAH) emission and (f) they all show X-ray emission that seems to correlate with the OHMM luminosity and originate from a molecular disc rotating around a compact SBN or AGN. In addition, supernova remnants have been discovered in Arp 220, Mrk 273 and IIIZw 035 that seem to be associated with OHMMs (see Downes & Solomon 1998; Smith et al. 1999; Lonsdale et al. 2003; Bondi et al. 2004; Parra et al. 2005; Klöckner & Baan 2004; Richards et al. 2005; Baan & Klöckner 2006; Willett et al. 2011a,b, and references therein) .
In addition, they all seem to have either different amounts of dust, AGNs with different degrees of activity or mergers that seem to be at different stages of the process. Their optical classification is also different: Mrk 273, Arp 220 and IIIZw 035 are Seyfert 2/Liner, while Mrk 231 is a quasi-stellar object (QSO)/Seyfert 1. IIZw 096 is a merger with no other optical/spectral classification. There is still some debate in the literature but while Arp 220 and IIIZw 035 are considered starburst, there is strong evidence for the presence of both SBN and AGN in Mrk 231, Mrk 273 and IIIZw 035. This small sample of extensively studied sources clearly indicates different physical processes at work which make it very complicated in contrast with IIZw 096 (see references mentioned above).
What is very clear from our data is that the OHMM emission traces the second nucleus of the merging system. Due to strong obscuration by dust in the visible range, it is difficult to determine if the merger system is hosting a massive starburst and/or an AGN. For IIZw 096, there is consequently a probability for the source of the OHMMs to be associated with an embedded and heavily obscured AGN. Now, if this turns out to be true for IIZw 096, which is also an obvious starburst, could it be true also for other OHMM galaxies for which we lack spatial resolution?
